To understand the relationship between coat color inheritance patterns and genotypes of Extension (E) and Agouti (A) loci in cattle, the genotypes for melanocortin-1 receptor (MC1R) and agouti signaling protein Br did not show any agouti-like brindle pigmentation patterns in either breed or their progeny. The coat colors of the crossbred progeny were discriminated by two colors, yellowish-brown versus dark-brown or black, and their coat colors were directly related to the genotypes of the Extension locus, yellowish-brown (e/e) and dark-brown or black (E + /e), but not to the Agouti locus. ASIP genotypes probably did not affect coat color development in the Hanwoo or crossbred progeny. Our results suggest that the ASIP genotypes do not play key roles in coat color variation, but the MC1R genotypes do direct the phenotypes of Hanwoo, JBC, and their progeny.
Introduction
In Korea, there are 4 indigenous cattle breeds distinguished by 3 coat color patterns: a brown or red cattle breed (Hanwoo), a black-striped brown cattle breed (Korean brindle cattle, also called Chik-so) and 2 black cattle breeds. In mammals, coat color inheritance is regulated by more than 120 genes, and is mainly determined by the combinations of genotypes from several distinct loci, e.g.
agouti (A), extension (E), spotting (S), dilution (D) and dun and albino (C) [9, 20, 23] . The melanocortin-1 receptor (MC1R) expressed by the E locus plays a primary role in signal transduction for the melanocyte-stimulating hormone α (MSHα) in melanocytes, and was recently studied at the molecular level for black, brown and red coat colors in various cattle breeds [10, 16, 24, 27] . The underlined nucleotide sequences of MC1RmisF and MC1RmisR were modified to replace the AciⅠ recognition site at MC1R g.296T>C with that of AluⅠ for genotyping because components of the PCR reaction buffer usually inhibit the digestion activity of the AciⅠ restriction enzyme [27] . Recently, a bovine agouti allele for brindle coat color was described in the Normande cattle breed by an L1-BT insertion between the skin-specific promoter and the first coding exon for the ASIP gene [6, 7] . Previous MC1R studies Amplified products were enzymatically digested with 2 restriction enzymes (AluI for g.296T>C; MspI for g.310delG).
Digests were separated on 3% agarose gels and the genotypes were determined using combinations of the enzyme digestion patterns for each animal.
Genotyping of ASIP gene
To analyze ASIP genotypes for the presence/absence of an1.2 kb L1-BT retroposon, the ASIP gene was amplified using specific primers (Table 1) designed by Girardot et al. [6] . The presence of an L1-BT element in ASIP was detected on 1.5% agarose gels.
Pedigree analysis and microsatellite genotyping
To elucidate phenotypic inheritance patterns for coat (Table 2 ). Thus, additional molecular studies will be needed in order to determine why the red cattle's MC1R ASIP genotypes were also investigated. PCR genotyping were not discriminated according to these genotypes (Table   2 ). In the analysis of Hanwoo×JBC progeny, 2 MC1R
genotypes (E + /e and e/e) were found, and both MC1R genotypes produced black (E + /e) and yellowish-brown (e/e). However, two ASIP genotypes (A/A and A/A Br ) were also found, but both ASIP genotypes did not produce different coat colors (non-brindle and brindle).
Pedigrees constructed from mating records and genotype data from MS analyses of crossbred families between Hanwoo and JBC (Fig. 3) provided important information on coat color inheritance patterns and the relationship between coat color phenotypes and genotypes for the extension and agouti loci. All F1 calves produced from a JBC E + /E + sire (an arrow in Fig. 3) and Hanwoo e/e dams showed black coat colors and had MC1R E + /e. That is, the coat colors of F1 calves with MC1R E + /e did not become red or brown. (Fig. 1D~F) .
Among crossbred calves, an E + /e-A/A Br haplotype was also detected in 6 animals, although a brindle-like pigment was not found.
These results suggest that the coat color patterns of offspring may be directed by their MC1R genotypes rather than their ASIP genotypes. Royo et al. [25] suggested that the ASIP coding region does not play a central role in coat color variation in cattle, as there was no mutation found in the coding region of the ASIP gene in 9 Spanish and French cattle breeds. Do et al. [4] described two SNPs in the intronic region of ASIP, but not in coding sequences, and suggested that the ASIP intron 2 g.-157A>T showed polymorphisms in Hanwoo and Hereford, although there was no relationship to coat color development in either breed.
However, Girardot et al. [6, 7] found that the bovine Agouti allele for brindle coat color (A 
